Introduction
The negotiation of a change in surface height during ongoing gait, such as stepping onto or from a pavement when crossing a road, is an important activity of daily living (ADL) that individuals are required to perform regularly (Begg and With these results in mind, it could be suggested that stepping gait may also present recent TTAs with a challenging task given that movement strategies are still being established.
Subsequently, this may increase the potential for falling and fall-related injury, which are worldwide major public health concerns. Lower limb amputees have been shown to fall more frequently than age-matched controls (Miller, Therefore, the aim of the current study was to investigate biomechanical changes that occur when stepping onto and from a raised surface, in recent TTAs, during the six-month period following discharge from rehabilitation. Previous research has shown long-term adaptation to ADL during this time period following discharge from rehabilitation . It was predicted that walking speed would increase over time, reflecting an improvement in overall task performance. In addition, it was © 2014, Elsevier. Licensed under the Creative Commons Attribution-NonCommercialNoDerivatives 4.0 International http://creativecommons.org/licenses/by-nc-nd/4.0/ predicted that self-selected lead limb preference (LLP) would change over time reflecting changes in participants' preferred movement strategies, as previously reported in obstacle crossing . Finally, it was predicted that improvements in task completion and changes to LLP would be underpinned by increased intact limb joint mobility (peak joint angles and ranges of motion) and power bursts (peak joint powers), as seen previously during obstacle crossing ).
Methods

Participants
Having completed rehabilitation within a national healthcare physiotherapy department, A consecutive sample of unilateral TTAs were recruited and gave informed consent to participate in the current study. Participants were excluded if they experienced pain or discomfort whilst using their prostheses, had any current musculoskeletal injuries or cognitive deficits.
Participants were included if they were at least 18 years of age, were able to use their prosthesis to complete a number of functional tasks without the use of a walking aid, including walking a distance of five metres and stepping onto/from a pavement. The study was approved by a local national healthcare service research ethics committee (08/H1304/10).
Experimental Set-up
In order to assess the biomechanical adaptations in stepping gait, a custom raised-surface walkway (5m length, 1.5m width) was constructed with a step height that replicated a standard roadside kerb (7.5cm) and placed within a 10m walkway (Buckley et 
Experimental Design and Protocol
4 Data Analysis
Raw kinematic and GRF data were exported to Visual 3D (C-Motion, Inc, Germantown, USA), interpolated using a cubic spline algorithm and filtered using a fourth-order low pass
Butterworth filter with cut-off frequencies of 6Hz and 30Hz respectively. Medial and lateral landmarks defined anatomical frames from which segment co-ordinate systems were defined following the right hand rule (Cappozzo et al., 1995 ). An XYZ Cardan sequence was used to The lead limb was defined as the first limb to approach/lead from the elevated walkway; the contralateral limb was designated as the trail limb. Self-selected LLPs were noted during the performance of each stepping trial using the motion capture video playback and calculated as percentages for both the intact and affected limbs ( Figure 1 ). Gait events were identified using GRF data in order to normalise data to the gait cycle as defined in Figure 1 .
Walking speed (m.s -1 ) and stance duration (% gait cycle) were calculated along with joint angle data for the ankle, knee and hip (º). Kinetic data were recorded following stepping for the lead limb and prior to stepping for the trail limb ( Figure 1 ). Peak ground reaction forces in the vertical (Fz) and anterior-posterior (Fy) directions were normalised to body weight (BW).
Normalised peak joint power (W/kg) data were calculated for the ankle, knee and hip joints using standard inverse dynamics procedures.
In addition to the reporting of standard gait biomechanics data, task specific variables were selected based upon their relevance to the role of a particular limb during stepping gait . Therefore, during stepping down, lead limb variables that related to the controlled lowering of the COM during stance (e.g. load rate, peak joint angles during loading response and knee power burst K1) and to trail limb support of body weight during lead limb swing (e.g. joint ranges of motion (ROM) during single limb support and peak knee and hip power bursts K1 and H2 during mid-stance) were analysed. Similarly, during stepping up, lead limb variables that related to the raising and progression of the COM (e.g. peak joint power generation bursts throughout stance phase, A2, K2 and H3) were selected whilst variables related to trail limb progression and clearance were analysed (e.g. peak knee and hip flexion during swing). 
Statistical Analysis
Results
Participant details are presented in Table 1 . Table 1 here**
**Insert
Stepping Down Temporal-Spatial
Walking speed increased between one and six months post-discharge (p=0.04) with both an affected (36%) and intact (24%) LLP (Table 2 ). The affected LLP diminished between one month (90.8%) and six months (52.6%) post-discharge (Table 2) . Intact trail limb stance duration was greater than affected trail limb stance duration (p=0.01) with trail limb stance durations decreasing between one and three (p=0.04) and one and six months (p=0.01) postdischarge (Table 2) , although no significant interaction effect was present. Table 2 here**
**Insert
Stepping Down Joint Kinematics
Lead limb peak ankle plantarflexion (p=0.01) and peak knee flexion 
Stepping Down GRF and Joint Kinetics
During early stance, intact limb load rate (p=0.02), initial peak vertical GRF (Fz1) (p=0.05) and peak posterior GRF (Fy1) (p<0.01) were significantly higher compared to the affected limb (Figure 2) . A significant increase in lead limb peak anterior GRF (Fy2) (p=0.02) was observed between one and six months post-discharge (Figure 2) . A significant interaction effect was 
Stepping Up Temporal-Spatial
Walking speed was comparable at six months post-discharge irrespective of LLP (Table 2) Table 2) . Intact limb stance duration was significantly greater when acting as both the lead (p=0.02) and trail limb (p=0.05) ( Table 2) .
Stepping Up Joint Kinematics
Lead limb ankle ROM during stance (p=0.02) and peak knee flexion during loading response (p<0.01) were significantly greater with an intact LLP compared to an affected LLP (Figure 3 ).
Peak plantarflexion during swing was greater when trailing with the intact limb compared to the affected limb (p=0.01). Figure 3 here**
**Insert
Stepping Up GRF and Joint Kinetics
Intact lead limb peak posterior GRF (Fy1) was significantly greater when compared to the affected limb (p=0.01) (Figure 3 ). Both load rate and peak posterior GRF (Fy1) were greater with an intact trail limb vs. and affected trail limb at one month post-discharge and converged six months post-discharge, resulting in significant interaction effects (p=0.03 and p=0.05, respectively) ( Figure 3 ).
Peak ankle power generation (A2) (p=0.02), peak knee power generation during stance (K2) (p<0.01) and peak knee power absorption during swing (K4) (p<0.01) were significantly greater with an intact LLP compared to an affected LLP ( Figure 3 ). Peak knee power absorption during late stance (K3) increased over time and was greater with an intact LLP resulting in a significant interaction effect (p=0.01) (Figure 3 ).
Peak ankle power generation (A2) (p=0.02), peak knee power absorption during loading response (K1) (p=0.05) and peak knee power generation during stance (K2) (p<0.01) were greater with an intact vs. affected trail limb (Figure 3 ). An initial increase followed by a subsequent decrease in peak knee power absorption during late stance (K3) resulted in a significant time main effect between three and six months post-discharge (p=0.02) (Figure 3 ). The current study investigated biomechanical changes that occur when stepping onto and from a raised surface, in recent TTAs during the six-month period following discharge from rehabilitation.
Discussion
Stepping Down
As predicted, there was an overall improvement in task performance as represented by a significant increase in walking speed. Participants initially preferred to lead with the affected limb, although at six-months post-discharge, this LLP had all but ceased. However, the reduction of the affected LLP at six months post-discharge reflected the underlying shift in the strategies used by participants during stepping down gait which occurred alongside improvements in overall task performance, characterised by increased walking speed.
Results suggested that adaptations did occur in affected trail limb function resulting in an improved controlled lowering mechanism and, although these adaptations did not result in repeatedly significant interaction effects, this may have reflected participants' increased confidence in utilising this strategy. In addition, results from the current study suggested that task performance at six months post-discharge was also underpinned by the increased exploitation of intact limb vs. affected limb capacity, which had not changed significantly over 
Stepping Up
Overall task performance, as indicated by walking speed, was consistent over time with an affected LLP and, although improvements in task performance over time were noted with an intact LLP, these effects were not statistically significant.
Initially, participants utilised an intact LLP strategy. However, while stance duration did not change over time, it was greater in intact limb compared to the affected limb, regardless of role (lead or trail limb) which may have reflected a reluctance to transfer weight onto the affected limb (Powers et al., 1997 ). In the current study, an explanation for the initial intact LLP were related to the observations of greater intact limb ankle and knee joint mobility demands and power bursts during stance, as reflected by ankle and knee joint kinematic and peak joint power burst data, respectively. During stance, participants preferred to exploit the capacity of the intact lead limb in order to manage weight acceptance following foot contact and then do positive work in order to raise the COM and maintain progression in preparation for swing. Thus, as predicted, the higher utilisation of intact limb capacity initially led to its preferential use as the lead limb one month following discharge. It must also be stated that, conversely to stepping down gait, participants were encouraged to utilise an intact LLP during rehabilitation when stepping up stairs and steps. Therefore, it is probable that this effect persisted into the timeframe of the current study.
A shift from an initial intact LLP to more balanced LLP strategies at six months post-discharge 
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